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(57) ABSTRACT

In a marine propulsion control system for controlling a set of
propulsion units carried by a hull of a vessel, cavitation typi-
cally occurs on the propulsion unit with reverse gear engaged,
and 1n a triple propulsion unit installation the normally 1dle
center propulsion umt can be used to increase the reverse
thrust and thereby limit the RPM of propulsion units in
reverse, so that the cavitation effect 1s limited, and simulta-
neously allow for higher forward thrust on the third propul-
s1on unit, thus increasing the total thrust for the vessel.

11 Claims, 4 Drawing Sheets
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Fig. 4




U.S. Patent Feb. 23, 2016 Sheet 4 of 4 US 9,266,594 B2

RPM

- = -
[ | EI """"""""""""""""""""""""""""""""""""""""""""""""
. -

Recelving an input command from
steering control instrument . S7

1111111111111111

Determining desired delivered thruslt,

| gear selection and steering angle N 82

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

FProviding control commands for

controlling propulsion unit{s) §3

N - -
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

111111111111111111111111111111111111111111111111111111111111111111111111111111111111

Selting the second propulsion
unit to have a reverse gear selection ™ o,
if the input command '

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++



US 9,266,594 B2

1
USE OF CENTER ENGINE FOR DOCKING

BACKGROUND AND SUMMARY

The present invention relates to a control system for dock-
Ing a marine vessel.

Today’s marine vessels are often equipped with a plurality
of propulsion units, for example three, for driving the vessel.
I every propulsion umit 1s associated to a separate control
lever the handling of the vessel can be unnecessarily compli-
cated. As many users of marine vessels are not experienced

helmspersons, a simplified control system 1s desirable.

WO 2007/105995 describes a control system for a set of
propulsion units where a centrally arranged propulsion unit of
the set 1s controlled as a slave based on control signals pro-
vided by at least one of the remaining propulsion units of the
set. Thereby, the number of control levers are decreased, for
example from three to two, thus the control system for the
vessel 1s simplified.

However, there 1s always a desire to even further simplify
the handling of a marine vessel, for example by means of
introducing further improvements to the control system for
controlling a set of marine propulsion units.

It1s desirable to achieve a control system for a set of marine
propulsion umts and a marine vessel with such a control
system that 1s further stmplified.

The inventor has realized that the thrust that can be applied
from each propulsion unit 1s limited due to the propeller
cavitation effect, resulting 1 reduction of the total thrust
generated on the vessel. The invention 1s based on the mven-
tor’s realization that the cavitation typically occurs on the
propulsion unit with reverse gear engaged, and that 1n a triple
propulsion umt mstallation the normally 1dle center propul-
s10n unit can be used to increase the reverse thrust and thereby
limit the RPM of propulsion units in reverse, so that the
cavitation effect 1s limited, and simultaneously allow for
higher forward thrust on the third propulsion unit, thus
increasing the total thrust for the vessel.

According to a first aspect of the mmventive concept, a
marine propulsion control system for controlling a set of
propulsion units carried by a hull of a vessel, wherein the set
of propulsion units comprise a {irst propulsion unit, a second
propulsion unit and a third propulsion unit, wherein the sec-
ond propulsion unit 1s provided as a center propulsion unit
between the first and third propulsion unit, the marine pro-
pulsion control system comprising a control unit configured
to recerve an input command from a steering control instru-
ment for operating the vessel, determine a desired delivered
thrust, gear selection and steering angle for the first, second
and third propulsion unit respectively, based on the 1put
command, and provide a set of control commands for con-
trolling the desired delivered thrust, gear selection and steer-
ing angle for the first, second and third propulsion unit,
wherein 11 the mmput command indicates a sway command the
first propulsion unit 1s set to have a forward gear selection and
the third propulsion unit 1s set to have a reverse gear selection,
each with a selected thrust level, and 1f the thrust level for at
least one of the first and the third propulsion unit exceeds a
predetermined thrust level the second propulsion unit 1s set to
have a reverse gear selection with a thrust level depending on
the selected thrust level of at least one of the first and the third
propulsion unit.

In the context of this application a vessel should interpreted
as any type of vessel, such as larger commercial ships, smaller
vessel such as leisure boats and other types of water vehicles
or vessels.
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Furthermore, 1n the context of this application “gear selec-
tion” should be interpreted as selection of rotation direction
of the propeller, 1.e. forwards or rearwards rotation direction.

Through the system described, the propulsion units can be
controlled individually. Thereby the propulsion units may for
example be switched independently between a forward pro-
pulsion state and a reverse propulsion state and steered inde-
pendently of one another.

By allowing the second propulsion unit to assist the first or
third propulsion unit 1n creating a reverse thrust on the vessel,
the total thrust of the vessel can be increased with 80-100
percent. Thereby, an operator of the vessel has more thrust to
control the vessel, thus allowing the operator to act later and
with more effect which means facilitated handling of the
vessel.

Many inexperienced operators compare operating a marine
vessel to operating a land vehicle, e.g. a car, and one of the
hardest things to learn 1s how the marine vessel drifts due to
inertial effects, wind and currents, which require the opera-
tors to plan their movements long in advance. When increased
thrust to control the vessel 1s provided, the operator can
reduce the time-span of the vessel’s planned movements. This
1s a great advantage for an inexperienced operator.

In one embodiment the steering angle of the second pro-
pulsion unit 1s substantially the same as the steering angle of
the third propulsion unit.

The first propulsion unit can be either a starboard or a port
propulsion unit. Consequently, the third propulsion unit can
be either a port or a starboard propulsion unit. The vessel will
sway 1n the same direction as the position of the propulsion
unit that 1s set with a reverse gear selection relative a thought
center line. Thus, 11 the first propulsion unit 1s a port propul-
s1ion unit and the first propulsion unit 1s set in a reverse gear
selection, the vessel will sway 1n a port direction.

Preferably, the first and third propulsion units’ steering
angles are substantially inverted relative a longitudinal axis.
In the context of this application a longitudinal axis should be
interpreted as an axis extending from the vessel’s bow to the
vessel’s stern.

In one embodiment of the invention the first and third
propulsion unit angles are set to an outwards angle. Thereby
a component force 1n the lateral axis achieving a sway move-
ment of the vessel 1s provided.

In another embodiment the first and third propulsion unit
angles are set to a substantially maximum outwards angle.
Thereby, the component force 1n the lateral axis achieving a
sway movement of the vessel may be substantially maxi-
mized.

Further, 11 the first and third propulsion units are substan-
tially inverted relative the longitudinal axis, and their thrust
level are substantially equal, the force component 1n a for-
ward/reverse direction will be zero, thus only a sway move-
ment of the vessel will be achieved.

According to another embodiment, the marine propulsion
control system further comprises three independent Engine
Control Unit for providing an interface between the control
umt and the first, second and third propulsion unit respec-
tively. Thereby, the control unit does not have to comprise an
interface for communicating with each of the first, second and
third propulsion unit. Moreover, existing ECUs 1n a marine
vessel can be utilized. According to yet another embodiment
of the mventive concept, the three mdependent ECUSs are
clectrically connected to the control unait.

According to another embodiment, the predefined level of
the thrust level for one of the first or third propulsion unit
corresponds to a level less than where a reverse propulsion
direction of the first or third propulsion unit causes cavitation.
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Thereby, the cavitation effect typically occurring in the pro-
pulsion unit with a reverse gear selection can be alleviated
through that the second propulsion unit assists the propulsion
unit with a reverse gear selection by also creating a reversely
directed thrust. By avoiding cavitation effects the total thrust
of the vessel can be increased further.

According to yet another embodiment, the marine propul-
sion control system further comprises a steering control
instrument for providing the control unit with an input com-
mand. Thereby, the operator can easily provide input com-
mands to the control unit, so that the control unit can control
the propulsion units 1n a direction desired by the operator.

Preferably, the mventive control system forms part of a
marine vessel, further comprising a first propulsion umt, a
second propulsion unit, a third propulsion unit, wherein the
second propulsion unit 1s provided as a center propulsion unit
between the first and second propulsion unit, each propulsion
unit are carried by a hull.

By providing a vessel with a marine propulsion control
system allowing the second propulsion unit to assist the first
or third propulsion unit in creating a reverse thrust on the
vessel, the total thrust of the vessel can be increased. Thereby,
an operator of the vessel has more thrust to control the vessel,
thus allowing the operator to act later and with more effect
which implies facilitated handling of the vessel.

According to a second aspect of the present inventive con-
cept, there 1s provided a method for controlling a set of
propulsion units carried by a hull of a vessel, wherein the set
of propulsion units comprise a {irst propulsion unit, a second
propulsion unit and a third propulsion unmt, wherein the sec-
ond propulsion unit 1s provided as a center propulsion unit
between the first and second propulsion unit, the method
comprising receving an iput command from a steering con-
trol instrument operating the vessel, determining a desired
delivered thrust, gear selection and steering angle for the first,
second and third propulsion unit respectively, based on the
input command, and providing a set of control commands for
controlling the desired delivered thrust, gear selection and
steering angle for the first, second and third propulsion unit,
and setting the second propulsion unit to have a reverse gear
selection with a thrust level 11 the input command indicates a
sway command and the first propulsion unit 1s set to have a
forward gear selection and the third propulsion unit 1s set to
have a reverse gear selection, each with a thrust level, and 11
the thrust level for one of the first or the third propulsion unit
exceeds a predetermined thrust level.

The effects of a method as described above are largely
analogous to the effects of amarine propulsion control system
and a vessel as described above. By providing a method for
allowing the second propulsion unit to assist the first or third
propulsion unit 1n creating a reverse thrust on the vessel, the
total thrust of the vessel can be increased substantially.
Thereby, an operator of the vessel has more thrust to control
the vessel, thus allowing the operator to act later and with
more effect which implies facilitated handling of the vessel.

According to another embodiment, the method further
comprises providing the predefined thrust level for one of the
first or the third propulsion unit so that 1t corresponds to a
level less than where a reverse propulsion direction of the first
or third propulsion unit causes cavitation. Thereby, the cavi-
tation eflect typically occurring in the propulsion unit with a
reverse gear selection can be alleviated through that the sec-
ond propulsion unit assists the propulsion unit with a reverse
gear selection by also creating a reversely directed thrust. By
avoiding cavitation effects the total thrust of the vessel can be
increased further, which 1n turn means facilitated handling.
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According to a third aspect of the present invention there 1s
provided a computer program product comprising a computer
readable medium having stored thereon computer program
means for causing a control unit to control a set of propulsion
units carried by a hull of a vessel, wherein said set of propul-
s10n units comprise a first propulsion umit, a second propul-
sion unit and a third propulsion unit, wherein said second
propulsion unit 1s provided as a center propulsion unit
between said first and second propulsion unit, wherein the
computer program product comprises code for recerving an
input command from a steering control instrument operating
the vessel, code for determining a desired delivered thrust,
gear selection and steering angle for said first, second and
third propulsion unit respectively, based on the mput com-
mand, code for providing a set of control commands for
controlling the desired delivered thrust, gear selection and
steering angle for said first, second and third propulsion unit,
and code for setting said second propulsion umt to have a
reverse gear selection with a thrust level 1f said mput com-
mand indicates a sway command and the first propulsion unit
1s set to have a forward gear selection and the third propulsion
unit 1s set to have a reverse gear selection, each with a thrust
level, and 11 the thrust level for one of said first or said third
propulsion unit exceeds a predetermined thrust level.

The control unit 1s preferably a micro processor or similar
device, and the computer readable medium may be one of a
removable nonvolatile random access memory, a hard disk
drive, a floppy disk, a CD-ROM, a DVD-ROM, a USB
memory, an SD memory card, or a similar computer readable
medium known 1n the art. The effects of a the computer
product implementation of the invention for controlling a set
of propulsion units by a control unit as described above are
largely analogous to the effects of a marine propulsion control
system, vessel and method as described above.

Furthermore, a code for controlling a set of marine propul-
s1ion units allows a user to upgrade an existing marine propul-
s1on control system that allows separate individual control of
the steering angle, thrust level and gear selection of the set or
propulsion units. With abovementioned code, the upgrade
could be done carried out with merely solftware alterations,
vastly reducing the costs for a vessel owner to upgrade the
marine propulsion control system.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments of the mmvention will 1n the following be
described in more detail with reference to the enclosed draw-
ings, wherein:

FIG. 1 schematically illustrates a perspective-view of a
marine vessel comprising a marine propulsion control system
configured to control three propulsion units,

FIG. 2 illustrates a scheme of a control system for a set of
marine propulsion units,

FIG. 3a schematically illustrates a top-view of a marine
vessel comprising a marine propulsion control system con-
figured to control three propulsion units,

FIG. 3b schematically illustrates a top-view of a marine
vessel comprising a marine propulsion control system con-
figured to control three propulsion units,

FIG. 4 schematically illustrates a top-view of a marine
vessel comprising a marine propulsion control system con-
figured to control five propulsion units,

FIG. 5 1s a line chart illustrating the thrust level of three
propulsion units depending on an mput command, and
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FIG. 6 1s a flow-chart 1llustrating a method for controlling
a set of propulsion units.

DETAILED DESCRIPTION

The present invention will be described more fully herein-
alter with reference to the accompanying drawings, 1n which
preferred embodiments of the invention are shown. The
inventive concept may, however, be embodied 1n many diif-
terent forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled 1n the art. In the drawings, like numbers refer to like
clements.

In the description below a control system for a set of marine
propulsion units wherein the input means 1s a joystick, 1s
mainly discussed. It should however be noted that this by no
means should limit the scope of the application which 1s
equally applicable on a control system where the input means
1s a stick, a set of buttons, a touch screen or equivalent.

Moreover, a control system for a set of marine propulsion
units comprising three propulsion units 1s mainly discussed. It
should however be noted that this by no means should limit
the scope of the application, which 1s equally applicable on a
set of marine propulsion units comprising five, seven or any
other odd numbers above two.

Furthermore, a control system for a set of marine propul-
s10n units, comprising three Engine Control Units (ECU), 1s
mainly discussed. It should however be noted that this by no
means should limait the scope of the inventive concept, which
1s equally applicable on a control system where a control unit
internally comprise the functionality of the ECU.

FIG. 1 shows a simplified top view of a marine vessel 1 in
which the marine propulsion control system 9 according to an
embodiment of the inventive concept can be used. Generally,
the control system according to an embodiment of the inven-
tive concept may be used 1n any type of vessel, such as larger
commercial ships, smaller vessel such as leitsure boats and
other types of water vehicles or vessels. The ivention 1s
particularly useful for small leisure boats, but it 1s neverthe-
less not limited to such type of water vehicle only.

As further schematically 1llustrated 1n FIG. 1, the vessel 1
may be designed with a hull 2 having a bow 3, a stern 4 and
being divided into two symmetrical portions by a thought
centre line running from the bow 3 to the stern 4. In the stern
4, three propulsion units 6, 7 and 8 may be mounted. More
precisely, the vessel 1 may be provided with a first propulsion
unit 6 arranged at the port side, a second propulsion unit 7
arranged 1n the centre and a third propulsion unit 8 arranged
at the starboard side. The propulsion units 6, 7 and 8 may be
pwvotally arranged in relation to the hull 2 for generating a
driving thrust 1n a desired direction of a generally conven-
tional kind. The propulsion units may alternatively be inboard
propulsion units, mounted under the boat on the hull 2 or
mounted on the stern 4 as so called sterndrives. That 1s, the
propulsion units 6, 7 and 8 may be outboard propulsion units
or inboard propulsion units.

The control of the propulsion units are performed by a
marine propulsion control system 9 as further illustrated in
FIG. 2.

FIG. 2 1s a scheme diagram showing the scheme of a
marine propulsion control system 9 according to one embodi-
ment. The control system 1ncludes a control unit 10, steering,

control mstruments such as a joystick 14, a steering wheel 13
and/or a thrust regulator 15, and a first 16, second 17 and third
18 Engine Control Unit (ECU). The first 16, second 17 and

10

15

20

25

30

35

40

45

50

55

60

65

6

third 18 ECU are adapted to control a first 6, second 7 and
third 8 propulsion unit, respectively.

In one implementation, each propulsion unit 6, 7, 8 may
include a gear selector, a steering actuator, and a steering
angle detecting section. The gear selector may change gear
selection for each propulsion unit between a forward propul-
s10n position, a reverse propulsion position, and a neutral
position. Alternatively, two gear selectors are provided. One
for each group of propulsion units positioned on the starboard
side of the thought centre line and one for the group of
propulsion units positioned on the port side of the thought
centre line.

The steering actuator may turn the propulsion unit about a
steering axis and thereby altering the steering angle thrust
direction. The steering actuator may include a hydraulic cyl-
inder or an electrical motor. The steering angle detecting
section may detect an actual steering angle propulsion unit. If
the steering actuator 1s a hydraulic cylinder, then the steering
angle detecting section may be a stroke sensor for the hydrau-
lic cylinder. However, the steering angle detecting section
may be any means for measuring or calculating the steering
angle.

The control unit 10 contains means for mapping an 1nput
signal from the steering control instruments 1nto a reference
value angle for respective propulsion unit 6, 7, 8 where the
steering actuators are arranged to move the propulsion units
such that they assume the reference value angle. The mapping,
may be of simple type such that a steering angle 1s obtained
from the steering control mstruments and that the steering
actuator uses this mput command as the reference value
angle. The mapping may also be more complex such that the
reference value angles are calculated 1n dependence of the
driving situation including speed, desired trim angle, whether
docking 1s performed such that sway of the vessel 1s desired
and so forth.

The ECUs may control operations of the associated pro-
pulsion units, through controlling the gear selection, deliv-
ered thrust and the steering angle. The controlled operations
may be based on the input commands from the steering wheel
13, joystick 14 and thrust regulator 15. The ECUs may be
connected to the control unit 10 through a communication
line. In another embodiment, the ECU 1s capable of commu-
nicating with the control unit 10 wirelessly.

In another embodiment of the invention, the three men-
tioned ECUs form an integral part of the control unit 10.

Through the system described, the propulsion units 6, 7, 8
can be controlled individually. Thereby the propulsion units
may be e.g. switched independently between a forward pro-
pulsion state and a reverse propulsion state and steered inde-
pendently of one another.

The thrust regulator 15 comprises port throttle lever 194,
and a starboard throttle lever 195 arranged to generate a
desired delivered thrust by the propulsion units contributing
to the thrust on the port and starboard side respectively. When
a throttle lever 19a, 195 1s tilted forward/backwards a detec-
tion signal 1s transmitted to the control unit 10 comprising the
desired gear selection, 1.e. forward/backward, and a thrust
level associated with the angle that the throttle lever 19a, 195
1s tilted with relative a neutral position.

The port throttle lever 19a 1s primarily intended for the first
propulsion unit and the starboard throttle lever 1956 for the
third propulsion unit. If the first 6 and third 8 propulsion units
have the same gear selection, 1.e. forward or backward, the
second 7 propulsion unit will also have said same gear selec-
tion. However, 11 one of the first 6 and the third 8 propulsion
unit 1s set to have a forward gear selection and the other of the
first 6 and the third 8 propulsion unit 1s set to have a reverse
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gear selection, each with a selected thrust level, and if the
thrust level for at least one of the first 6 and the third 8
propulsion unit exceeds a predetermined thrust level, then the
second 7 propulsion unit 1s set to have a reverse gear selection
with a thrust level depending on the selected thrust level of at
least one of the first 6 and the third 8 propulsion unait.

Gear selectors and throttle lever units are previously known
as such, and for this reason they are not described 1n detail
here. Based on received information from the steering control
instruments 13, 14, 15 the control unit 10 1s arranged to
control the propulsion units 6, 7, 8 in a suitable manner to
propel the vessel 1 with a requested direction and thrust.

The joystick 14 may be adapted to primarily be used to
control the vessel 1n low speed. The joystick 14 may supply
the control unit 10 with mput commands comprising any
combinations of a translational movements, such as sway or
surge, and yaw movements. Thus, a user may through the
joystick 14 supply the control unit with an mnput command
comprising €.g. port sway and clockwise yaw.

The joystick 14 may be tilted 1n at least four directions;
torward, rearward, leftward, and rightward. Thus, the direc-
tion may be operated so as to 1ssue input commands 1n at least
torward or reverse surge, left or right sway movement of the
vessel 1. Moreover, the joystick 14 may also be rotatable
operated so as to 1ssue an operating 1nstruction for achieving
a yaw movement of the vessel 1. In one embodiment this 1s
accomplished by rotating the joystick about a central vertical
axis. When the joystick 1s altered from 1ts neutral position a
detection signal 1s transmitted to the control unit 10.

For example, when an operator tilts the joystick to the port
side and rotates 1t clockwise the propulsion units are con-
trolled such that the hull 2 moves in a sway movement trans-
lational to the port side with a clockwise rotation. As
described above, there are only four basic combinations of
sway and yaw movements.

In one embodiment the control unit 10 comprises comput-
ing means such as a CPU or other processing device, and
storing means such as a semiconductor storage section, €.g., a
RAM or a ROM, or such a storage device as a hard disk or a
flash memory. The storage section can store settings and
programs or schemes for iterpreting input commands and
generation control commands for controlling the propulsion
units.

The control unit 10 controls a forward/reverse propulsion
direction, a desired thrust, 1.¢. propulsion force, and a desired
steering angle of each of the propulsion units individually 1n
accordance with input commands from the steering control
instruments 13, 14, and 15.

The desired thrust of the propulsion units correspond to a
target propulsion unit rotational speed. Thus, controlling the
thrust often means controlling a propeller rotational speed.

In one implementation the thrust regulator 135 includes a
single starboard input command and a single port input com-
mand for each function that 1s under control by the thrust
regulator. As have been explained above, these functions may
include port and starboard throttle levers and port and star-
board gear selectors.

FIG. 3a and FIG. 35 illustrates two opposing sway move-
ments, where the set of propulsion units in FIG. 3a are con-
trolled by the control unit 10 to achieve a port sway movement
and 1n FIG. 356 to perform a port sway movement. In one
embodiment, an operator has tilted the joystick 14 to the
starboard/port and thereby generated an mput command to
the control unit 10.

In both FIG. 3a and FIG. 35 the second propulsion unit 7
has a reverse gear selection, thus assisting the third 8 or first
6 propulsion unit with the reverse thrust respectively. As

5

10

15

20

25

30

35

40

45

50

55

60

65

8

carlier discussed, the second 7 propulsion unit will always
assist the propulsion unit 6, 8 that has a reverse gear selection,
since the propulsion unit with reverse gear selection has the
most tendency for cavitation etlect.

Each of the propulsion units” thrust can be divided into
force components 1n a forward/backward and port/starboard
direction respectively. In both FIG. 3a and FIG. 35 the force
component in the forward backward direction becomes zero,
thus the vessel 1 will not surge either forwardly or back-
wardly. In FIG. 3a the force component 1n the port/starboard
direction 1s directed to the starboard direction, thus the vessel
will sway 1n a starboard direction. In FIG. 35 the force com-
ponent in the port/starboard direction 1s directed to the port
direction, thus the vessel will sway 1n a port direction.

In FIG. 4 the exact same principal 1s 1llustrated, however
the set of propulsion units in FI1G. 4 comprise five propulsion
units, more specifically a fourth 31 and fifth 32 propulsion
units are itroduced arranged between said first 6 and second
7 propulsion unit and between said second 7 and third 8
propulsion umit, respectively. Other than that, there are no
differences from what 1s illustrated in and described to FIG.
3a. Thus, the vessel 1 shown 1n FIG. 4 will also sway 1n a
starboard direction.

By assisting the propulsion unit with the reverse gear
selected the vessel’s 1 total thrust can be maximized through
avoiding cavitation. The principle 1s illustrated 1n FIG. 5,
which 1s a line chart showing the propulsion units’ 6,7, 8 rpm
on the y-axis based on the amount the joystick 14 1s tilted to
the starboard side.

FIG. 5 1s illustrating the scenario discussed 1n relation to
FIG. 3a, when the vessel 1 makes a starboard sway move-
ment. In the line chart’s origin of coordinates the joystick 14
1s 1n 1ts neutral position, thus all propulsion units are 1dle. As
the joystick 14 1s tilted to the starboard, the RPM of the first
6 and third 8 propulsion units are increased as displayed with
lines 26a and 28 respectively. The first propulsion unit 6 has
a forward gear selection and the third propulsion unit has a
backward gear selection. Since the forward gear selection 1s
generally more efficient than a backward gear selection, the
rpm of the first propulsion unit 6 does not have to be as high
as for the third propulsion unit 8. As the joystick 1s tilted with
an amount above X-1, the second 7 propulsion units goes from
being 1dle to assisting the third propulsion unit 8 with the
reverse thrust, as 1llustrated by line 27. By assisting the third
propulsion unit 8, the rpm of the first propulsion unit 6 can be
increased compared to 1f only the second propulsion unit 7
would have been idle, which 1s 1llustrated by the dotted line
26b. Moreover, at one point, indicated as X2 the third propul-
s10on unit set with a reverse gear selection, will show tendency
for cavitation. However, this point 1s further out on the x-axis,
thus the total thrust of the vessel 1 1s increased.

In measurements done by the inventor, the total thrust of
the vessel 1 may possibly be increased with approximately
80-100 percent, depending on the type of engine and propel-
ler used. Generally, the largest increases are with smaller
engines, such as V6 engines compared to e.g. V8 engines.
Moreover, the concept increases potential total thrust both 1n
vessels 1 with outboard engines and inboard engines. The
largest effect has however been measured in vessels with
outboard engines, which typically use single propeller
mountings, as opposed to inboard propulsion units that often
use duoprop systems.

FIG. 6 1s a block diagram showing the method for control-
ling the set of propulsion units 6, 7, 8 as described above
wherein the method comprises receiving an mput command
S1 from a steering control instrument, such as the steering
wheel 13, joystick 14 and/or thrust regulator 135 operating the
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vessel. Further the method comprises determining a desired
delivered thrust, gear selection and steering angle S2 for the
first 6, second 7 and third 8 propulsion unit respectively, based
on the imput command, and thirdly providing a set of control
commands for controlling the desired delivered thrust, gear
selection and steering angle S3 for the first 6, second 7 and
third 8 propulsion unit. Further the method comprises setting,
the second propulsion unit 7 to have a reverse gear selection
with a thrust level S4 11 the input command indicates a sway
command and the first propulsion unit 1s set to have a forward
gear selection and the third propulsion unit 1s set to have a
reverse gear selection, each with a thrust level, and if the
thrust level for one of the first 6 or the third 8 propulsion unit
exceeds a predetermined thrust level.

While the present invention has been described with refer-
ence to a number of preferred embodiments, 1t will be under-
stood by those skilled 1n the art that various changes may be
made and equivalents may be substituted for elements thereof
without departing from the scope of the invention. In addi-
tion, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without
departing from the essential scope thereof. Therefore, 1t 1s
intended that the mvention not be limited to the particular
embodiments disclosed as the best mode contemplated for
carrying out this invention, but that the invention will include
all embodiments falling within the scope of the appended
claims.

In the drawings and specification, there have been dis-
closed preferred embodiments and examples of the invention
and, although specific terms are employed, they are used 1n a
generic and descriptive sense only and not for the purpose of
limitation, the scope of the mvention being set forth 1 the
tollowing claims.

The mvention claimed 1s:

1. A marine propulsion control system for controlling a set
of propulsion units carried by a hull of a vessel, wherein the
set of propulsion units comprise a first propulsion unit, a
second propulsion unit and a third propulsion unit, wherein
the second propulsion unit 1s provided as a center propulsion
unit between the first and third propulsion unit, the marine
propulsion control system comprising a control unit config-
ured to:

receive an mput command from a steering control instru-

ment for operating the vessel;

determine a desired delivered thrust, gear selection and

steering angle for the first, second and third propulsion
unit respectively, based on the mnput command, and
provide a set of control commands for controlling the
desired delivered thrust, gear selection and steering
angle for the first, second and third propulsion unit,
wherein if the input command indicates a sway command the
first propulsion unit 1s set to have a forward gear selection and
the third propulsion unit 1s set to have a reverse gear selection,
cach with a selected thrust level, and only after the thrust level
for at least one of the first and the third propulsion unit
exceeds a predetermined thrust level the second propulsion
unit 1s set to have a reverse gear selection with a thrust level
depending on the selected thrust level of at least one of the
first and the third propulsion unit.

2. The marine propulsion control system according to
claim 1, wherein the first and third propulsion units’ steering
angles are substantially inverted relative a longitudinal axis.

3. The marine propulsion control system according to
claim 1, wherein the second and third propulsion units” steer-
ing angles are substantially the same relative the longitudinal
axis.
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4. The marine propulsion control system according to
claim 1, further comprising three independent Engine Con-
trol Unit (ECU) for providing an interface between the con-
trol unit and the first, second and third propulsion unit respec-
tively.

5. The marine propulsion control system according to
claim 4, wherein the three independent ECU are electrically
connected to the control unat.

6. The marine propulsion control system according to
claim 1, wherein the predetermined thrust level for one of the
first or third propulsion unit corresponds to a level less than
where a reverse propulsion direction of the first or third pro-
pulsion unit causes cavitation.

7. The marine propulsion control system according to
claim 1, further comprising a steering control instrument for
providing the control unit with an mput command.

8. A marine vessel, comprising:

a first propulsion unit;

a second propulsion unit;

a third propulsion unit, wherein the second propulsion unit
1s provided as a center propulsion unit between the first
and second propulsion unit, wherein each propulsion
unit are carried by a hull, and

a marine propulsion control system for controlling a set of
propulsion units carried by a hull of a vessel, wherein the
set of propulsion units comprises the first propulsion
unit, the second propulsion unit and the third propulsion
unit, the marine propulsion control system comprising a
control unit configured to:

recerve an mput command from a steering control instru-
ment for operating the vessel;

determine a desired delivered thrust, gear selection and
steering angle for the first, second and third propulsion
unit respectively, based on the input command, and

provide a set of control commands for controlling the
desired delivered thrust, gear selection and steering
angle for the first, second and third propulsion unit,

wherein 1f the input command 1ndicates a sway command
the first propulsion unit 1s set to have a forward gear
selection and the third propulsion unit 1s set to have a
reverse gear selection, each with a selected thrust level,
and only after the thrust level for at least one of the first
and the third propulsion unit exceeds a predetermined
thrust level the second propulsion unit 1s set to have a
reverse gear selection with a thrust level depending on
the selected thrust level of at least one of the first and the
third propulsion unit.

9. A method for controlling a set of propulsion units carried
by a hull of a vessel, wherein the set of propulsion units
comprise a {irst propulsion unit, a second propulsion unit and
a third propulsion unit, wherein the second propulsion unit 1s
provided as a center propulsion unit between the first and
second propulsion unit, the method comprising:

recerving an input command from a steering control instru-
ment operating the vessel;

determiming a desired delivered thrust, gear selection and
steering angle for the first, second and third propulsion
unit respectively, based on the input command;

providing a set of control commands for controlling the
desired delivered thrust, gear selection and steering
angle for the first, second and third propulsion unit, and

setting the second propulsion unit to have a reverse gear
selection with a thrust level if the mput command 1ndi-
cates a sway command and the first propulsion unit 1s set
to have a forward gear selection and the third propulsion
unit 1s set to have a reverse gear selection, each with a
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thrust level, and only after the thrust level for one of the code for receiving an iput command from a steering con-
first or the third propulsion unit exceeds a predetermined trol instrument operating the vessel;
thrust level. code for determining a desired delivered thrust, gear selec-
10. The method for controlling a set of propulsion units tion ancil Steering angle. dor the first, seconc} and third
. . L. 5 propulsion unit respectively, based on the mput com-
according to claim 9, further comprising: mand:
pI'OVidiIlg the predetermined thrust level for one of the first code for providing q set of control commands for control-
or the third propulsion unit so that it corresponds to a ling the desired delivered thrust, gear selection and steer-
level less than where a reverse propulsion direction of ing angle for the first, second and third propulsion unit,
the first or third propulsion unit causes cavitation. 0 and

code for setting the second propulsion unit to have a reverse
gear selection with a thrust level 11 the input command
indicates a sway command and the first propulsion unit
1s set to have a forward gear selection and the third
propulsion unit 1s set to have a reverse gear selection,
cach with a thrust level, and only after the thrust level for
one of the first or the third propulsion unit exceeds a
predetermined thrust level.

11. A computer program product comprising a non-transi-
tory computer readable medium having stored thereon com-
puter program means for causing a control unit to control a set
of propulsion units carried by a hull of a vessel, wherein the
set of propulsion units comprise a first propulsion umit, a 15
second propulsion unit and a third propulsion unit, wherein
the second propulsion unit 1s provided as a center propulsion
unit between the first and second propulsion unit, wherein the
computer program product comprises: S I T
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